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The  khapra  beetle,  Trogoderma  granarium,  was  described  by  Everts  in 
1898.  It  is  said  to  be  the  worst  pest  of  stored  grain  in  India.  It  is 
native  to  India,  Ceylon,  and  Malaya  but  as  of  June  6,  1959*  distribution  had 
extended  to  include  Afghanistan,  Algeria,  Anglo-Egyptian  Sudan,  Great 
Britain,  China,  Cyprus,  Denmark,  Egypt  in  United  Arab  Republic,  France, 
Germany,  Holland,  Israel,  Japan,  Korea,  Madagascar,  Mexico,  Nigeria, 
Philippines,  Portugal,  Southern  Rhodesia,  United  States  of  America,  and 
Russia.  The  species  has  been  reported  as  existing  in  Australia,  but  according 
to  the  best  information  available  it  has  not  become  established  there. 

BIOLOGY  AND  HABITS 

Information  regarding  the  biology  and  habits  of  the  khapra  beetle  has 
been  well  summarized  by  Hinton  (19^5)  •  He  reviewed  the  earlier  research  of 
Barnes  and  Grove  (1916),  Husain  and  Bhasin  (1921),  Voelkel  (192*0,  Mason 
(1924),  Taylor  (1924),  Nakayama  (1932),  and  others.  More  recent  information 
can  be  found  in  publications  by  Pruthi  and  Singh  (1950),  Freeman  (1951),  and 
Howe  (1952). 

The  most  noticeable  features  of  an  infestation  by  the  khapra  beetle 
are  the  larvae  and  cast  skins  as  they  appear  in  countless  numbers  on  the 
surface  of  bulk  grain.  The  larvae  are  yellowish  brown  and  clothed  with  long 
brown  hairs.  The  integument  between  the  segments  and  the  underside  of  the 
body  are  pale  yellow.  Viewed  from  above  the  yellowish  brown  segments  and 
the  paler  skin  separating  them  give  the  larvae  a  ringed  appearance.  The 
young  larva  is  about  1.8  mm.  long.  As  it  matures  it  increases  to  between 
3.0  and  4.0  mm. 

The  adult  is  a  small  beetle  1.8  to  3*0  mm.  long,  pale  red-brown  to 
dark  brown  or  black,  with  wing  covers  unicolorous  or  with  indistinct  red- 
brown  markings  which  when  present  are  not  in  any  definite  pattern.  The 


1/   Statement  for  presentation  at  a  hearing  held  at  Dallas,  Texas,  on 
June  23,  1959*  to  determine  the  necessity  for,  and  objections  to,  the 
establishment  of  a  Federal  khapra  beetle  quarantine  on  the  State  of  Texas, 


"beetle  is  hairy  on  top,  "but  often  the  hairs  are  rubbed  off  so  that  it  has  a 
slick  appearance.  Its  small  size  and  immaculate  or  only  vaguely  maculate 
elytra  in  conjunction  with  much  darker  head  and  thorax  serve  to  distinguish 
it  from  other  species  of  the  group.  The  males  may  he  distinguished  from 
those  of  other  species  of  the  group  by  a  dense  fringe  of  moderately  stout 
suberect  hairs  near  and  more  or  less  parallel  to  the  apical  margin  of  the 
fifth  abdominal  sternite. 

The  khapra  beetle  is  likely  to  be  confused  by  the  layman  with  another 
species  known  as  Trogoderma  versicolor  (Creutz).  The  two  species  are  found 
under  similar  situations ,  but  usually  the  populations  of  T^_  versicolor  are 
small  compared  with  those  of  the  khapra  beetle.  Adults  of  T^  versicolor 
are  considerably  larger  than  those  of  the  khapra  beetle  (2.0  to  5.0  mm.  long). 
Their  ground  color  is  black  mottled  with  reddish  brown,  covered  with  gray 
and  light  brown  scalelike  hairs  forming  a  distinct  pattern  on  the  wing  covers. 
Another  dermestid  that  may  be  mistaken  for  the  khapra  beetle  is  T.  glabrum 
(Hbst.),  formerly  known  as  T^  boron.  In  the  larval  stage  this  insect  builds 
up  in  grain  in  numbers  similar  to  the  khapra  beetle.  The  larvae  of  both 
T.  glabrum  and  T^  versicolor  closely  resemble  those  of  the  khapra  beetle  and 
can  be  distinguished  from  them  only  by  an  expert. 


PEEDING  HABITS 

Most  observers  agree  that  only  the  larvae  feed;  however,  Barnes  and 
Grove  (1916)  state  that  they  saw  adults  gnawing  on  eroded  wheat  grains. 
According  to  Pruthi  and  Singh  (1950)  the  larva  is  a  major  pest  of  wheat,  but 
also  attacks  oats,  rice,  and  maize.  Hinton  (19^5)  states  that  the  khapra 
beetle  prefers  grain  and  cereal  products  to  substances  of  animal  origin,  but 
will  develop  on  dead  mice,  dried  blood,  dried  insects,  etc.  It  will  thrive 
on  wheat,  barley,  oats,  rye,  maize,  rice,  etc.,  and  such  cereal  products  as 
flour,  malt,  and  noodles.  Munro  (19*K))  records  it  in  linseed  exported  from 
India.  Howe  (1952)  records  an  enormous  outburst  of  khapra  beetle  in  ground- 
nuts in  Nigeria.  In  the  United  States  it  has  been  found  infesting  flaxseed, 
alfalfa  seed,  seed  peas,  pinto  beans,  black-eyed  cowpeas,  sorghum  seed, 
grain  straw,  alfalfa  hay,  and  many  other  products. 

In  limited  tests  with  25  products  Hopkins  (1955)  found  that  in  processed 
foods  larvae  developed  fastest  on  cornmeal,  wheat  flour,  and  rolled  oats, 
and  slowest  on  raisins,  wool  yarn,  crackers,  and  minute  rice;  in  unprocessed 
products,  development  was  fastest  on  shelled  peanuts,  beans,  and  grain,  and 
slowest  on  wheat  and  cottonseed.  According  to  Lindgren,  Vincent,  and  Krohne 
(1955) 3   larvae  developed  slowest  on  whole  kernel  corn,  cottonseed,  spaghetti, 
egg  noodles,  powdered  skim  milk,  raisins,  peaches,  prunes,  dates,  tapioca, 
ground  flaxseed,  and  dried  blood.  Development  was  fastest  on  ground  wheat, 
ground  barley,  and  ground  dog  food.  There  is  probably  little  in  the  way 
of  dried  vegetable  and  animal  products  that  it  will  not  attack. 
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LIFE  HISTORY 

According  to  Freeman  (1951)  "the  adults  seldom  live  more  than  10  to  12 
days.  However,  Voelkel  (192*0  observed  that  the  length  of  the  adult  life 
depended  upon  the  temperature.  He  found  it  to  vary  from  8  to  10  days  at 
39.50  C.  (103.1°  F.)  to  92  to  147  at  10°  C.  (50°  F.). 

The  females  lay  an  average  of  about  50  eggs  each,  although  Voelkel 
observed  one  female  that  laid  126  eggs.  The  eggs  are  laid  loosely  among 
the  foodstuff  that  is  infested  and  hatch  in  from  5  to  16  days.  Larval  life 
depends  upon  the  temperature  and  the  food  supply.  At  optimum  conditions 
the  larval  stage  may  be  completed  in  26  days  or  less,  whereas  starving 
larvae  may  live  for  years  without  pupation.  The  pupal  stage  may  last  from 
2  to  23  days,  depending  upon  the  temperature. 

Some  interesting  data  are  available  regarding  the  length  of  the  life 
cycle  at  different  temperatures  and  in  different  countries.  According  to 
Voelkel  (192*1-)  the  complete  life  cycle  may  vary  in  length  from  35  days  at 
34.3°  C.  (93-7°  F.)  to  147  at  10°  C.  (50°  P.).  Barnes  and  Grove  (1916) 
noted  that  in  India  the  life  cycle  during  June  and  July  was  25  days  for  males 
and  33  days  for  females,  whereas  during  July  and  August  the  life  cycle  was 
completed  in  30  days  for  males  and  40  for  females.  Morison  (1925)  observed 
that  in  Britain  the  life  cycle  under  favorable  conditions  was  about  50  days 
and  extended  to  200  days  under  unfavorable  conditions.  In  Japan,  Nakayama 
(1932)  found  that  the  larval  stage  was  completed  in  from  317  to  351  days. 
In  California,  Lindgren,  Vincent,  and  Krohne  (1954  and  1955)  conducted 
experiments  at  constant  temperatures  of  90°,  80°,  and  70°  P.  At  90°  the 
life  cycle  was  completed  in  30  days,  and  at  80°  in  64  days,  but  at  70°  the 
larvae  had  not  transformed  after  90  days.  The  number  of  generations  a  year 
varies  from  1  in  Japan  to  as  many  as  12  in  some  parts  of  India. 

Optimum  temperatures  for  the  development  of  the  khapra  beetle  are  given 
by  Freeman  (1951)  as  between  90°  and  95°  F.  with  an  upper  limit  of  104°. 
Voelkel  (1924)  did  not  find  them  living  at  temperatures  above  44.2°  C. 
(ill. 5°  F.).  Mason  (1924)  states  that  the  beetle  thrives  in  maltings  at  a 
temperature  of  132.8°  F.;  however,  Husain  and  Bhasin  (1921)  found  that  at 
50°  C.  (122°  F.)  all  stages  died  in  5  hours.  Voelkel  (1924)  found  that  the 
insect  ceased  to  develop  in  foodstuffs  that  were  very  low  in  moisture. 
Taylor  (1924)  states  that  they  will  breed  in  food  with  a  moisture  content  of 
less  than  2  percent. 

Barnes  and  Grove  (1916)  found  that  the  larvae  begin  their  attack  on 
wheat  at  some  weak  place  in  the  pericarp.  Whole  grains  are  attacked  by 
fourth-instar  or  older  larvae  only.  Young  larvae  feed  on  debris  or  damaged 
kernels.  The  larvae  usually  molt  from  four  to  seven  times,  but  may  cast 
their  skins  many  more  times  under  adverse  conditions.  The  larvae  have  been 
observed  to  scarify  woodwork,  probably  in  their  attempts  to  burrow  into  it 
and  find  harborage. 
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CONTROL 

Experience  has  shown  that  the  khapra  "beetle  is  extremely  difficult  to 
control.  Many  residual  insecticides  are  not  effective  against  the  larvae. 
British  investigators  have  found  pyre thrum  sprays  and  dusts  more  effective 
than  DDT  or  gamma  "benzene  hexachloride .  In  this  country  Lindgren,  Vincent, 
and  Krohne  (195^)  reported  that  practically  no  kill  was  obtained  when  larvae 
were  exposed  for  2  hours  to  a  surface  deposit  of  1,000  micrograms  per  square 
centimeter  (930  milligrams  per  square  foot)  of  DDT,  malathion,  lindane, 
aldrin,  dieldrin,  parathion,  chlordane,  methoxychlor,  DDD,  and  allethrin. 
According  to  Vincent  and  Lindgren  (1957)  malathion  was  highly  toxic  against 
larvae  when  applied  by  the  topical  method.  Of  the  preceding  list  only 
parathion  was  more  effective  than  malathion,  but  because  of  the  nature  of 
parathion  and  its  mammalian  toxicity  it  is  not  considered  safe  or  practical. 
All  others  were  relatively  ineffective. 

The  greatest  difficulty  in  control  or  eradication  with  residual  sprays 
and  dusts  results  from  the  inaccessibility  of  the  insects;  they  crowd  into 
cracks  in  the  structures  so  that  toxic  concentrations  of  the  insecticide 
do  not  reach  them.  Treatment  with  a  fumigant  is  more  effective  for  this 
purpose.  Lindgren,  Vincent,  and  Krohne  (1955)  found  that  hydrocyanic  acid 
and  acrylonitrile  were  the  most  toxic  fumigant s  tested  against  larvae  and 
pupae.  Ethylene  dichloride,  carbon  disulfide,  and  methallyl  chloride  were 
the  least  toxic,  and  ethylene  dibromide,  methyl  bromide,  chloropicrin, 
ethylene  oxide,  and  ethylene  chlorobromide  fell  somewhere  between  the  two 
groups . 

Methyl  bromide,  although  not  as  toxic  as  some  of  the  other  materials, 
has  been  used  successfully  as  the  primary  fumigant  in  the  control  and 
eradication  of  the  khapra  beetle.  Several  properties  of  the  fumigant  more 
than  compensate  for  its  somewhat  lower  toxicity.  These  are  ease  of  handling, 
good  penetration,  ease  of  aeration,  and  effectiveness  over  a  wide  temperature 
range. 

Lindgren,  Vincent,  and  Krohne  (1955)  show  that  khapra  beetle  pupae  are 
more  susceptible  to  heat  than  the  larvae  are.  At  131°  F.  the  time  required 
to  kill  95  percent  of  the  larvae  at  10,  50,  and  75  percent  relative  humidity 
was  8,  8,  and  15  minutes,  respectively.  Unpublished  data  of  the  U.  S. 
Department  of  Agriculture  indicate  that  about  2  minutes  of  exposure  to  moist 
heat  at  I650  results  in  complete  mortality. 

Lindgren,  Vincent,  and  Krohne  (1955),  Cobb  (195^),  and  Strong  and 
Lindgren  (1959)  have  shown  that  methyl  bromide  and  hydrocyanic  acid  gas 
can  have  a  deleterious  effect  on  seeds.  The  percentage  of  germination 
decreases  with  increases  in  dosage,  temperature,  moisture  content  of  the 
seed,  and  length  of  exposure  period.  By  controlling  these  factors  germina- 
tion injury  will  be  reduced  to  a  minimum.  Strong,  Lindgren,  and  Vincent 
(1958)  state  that  fumigation  with  hydrogen  phosphide  had  no  effect  on  seed 
germination. 
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MEANS  OF  SPREAD 

The  khapra  beetle  has  but  feeble  powers  of  migration.  There  is  some 
question  regarding  its  powers  of  flight.  Most  investigators  maintain  that 
it  does  not  fly;  others  contend  that  it  does.  The  species  has  extended  its 
range  more  by  the  assistance  of  human  agencies  than  by  its  own  migration. 
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